Many systems for utilizing the heat energy in municipal refuse are in various stages of develop ment. These systems either use unprocessed solid waste as a fuel or derive a fuel through processing. The fuels produced vary radically in heating value. The energy expended in processing differs from one process to another and the potential end use is not the same for each system. Six representative systems are compared to determine the relative potential value of refuse as a source of energy.
INTRODUCTION
In recent years, a number of systems have been developed to make use of the energy value of municipal refuse. Many of these systems have been reported in the literature and some have become operational. Not surprisingly, conflicting state ments have been made regarding the relative value of the fuel or energy produced by the various sys tems. Many of the conflicts arise because claims and comparisons are made based on varying raw refuse compositions and at different points along the energy transition path from raw refuse to ultimate use of the energy released.
The purpose of this paper is to compare the relative value of refuse as a fuel for six processes beginning with a common raw refuse composition following a similar path through fuel processing, to combustion, heat absorption in steam, and finally to electrical power generation.
All data used, except as noted, is taken from literature published by either the system developer 133 or, in the case of the U.S. Environmental Protec tion Agency, the system sponsor.
SYSTEMS CONSIDERED
The six systems considered and the system de velopers whose data were used are tabulated in Table 1 . Union Carbide Corporation (9) City of etc.
Union Carbide Corporation (9) Dynatech RID Company (10) The energy transition path is traced through four phases:
The first three phases are tabulated in Table 3 . The relative potential for recovery of energy as process'or heating steam is tabulated in Table 4 . The relative potential for recovery of energy as electrical energy is tabulated in Table 5 .
Specific comments for the various systems are included in a brief description of each system. Certain general comments pertain to all of the systems compared.
1) All systems receive the same raw refuse as tabulated in Table 2 2) Electrical power requirements for the Processing Phase have been adjusted from that re ported, where applicable, to exclude power require ments for materials recovery equipment which may be an integral part of the system.
3) Combustibles lost in the Processing Phase are those combustibles. that leave the system in a stream other than the fuel stream. For example, in the Mechanical Processing system, a significant amount of combustibles leave the system with the "heavy fraction" from the air classifier.
4) No attempt is made in Table 3 to relate energy from refuse with energy from auxiliary fuel or electrical energy. 5) Electrical power requirements tabulated in the Combustion Phase include energy required to operate the steam generating system. 6) Miscellaneous losses in the Steam Genera tion Phase include radiation loss and boiler blow down loss.
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7) It is assumed that with the proper selection of heat traps, steam generation efficiency is un affected by the pressure or temperature of the steam generated.
8) The energy cost of transporting prepared fuel has not been considered or included for any system. 9) Carbon dioxide in the fuel gases is listed as "noncombustible", in Table 3. 10) For fuel gases, combustion losses are based on the components of the fuel gas listed in the description of the system.
The six systems selected for comparison general ly cover the range of systems that have been pro posed in recent years. The specific systems were selected because adequate information was avail able in the literature to permit a meaningful com-.
panson.

RAW REFUSE INCINE RATION
Raw refuse, as received, is continuously fed onto a grate system for combustion. The products of combustion are used to generate steam in a boiler integral with the grate and combustion sys tem. The steam may be used for heating, process, or electrical power generation.
The combustible loss tabulated for the Com bustion Phase is somewhat higher than reported, to be conservative [J ,2,3] Excess air requirements and stack temperatures are higher than for most other systems. Steam conditions selected for electrical generation are lower than for most other processes. [4] 
MECHANICAL PROCESSING
The system tabulated follows data developed from the demonstration plant operated in St. Louis, Mo., to produce solid fuel for combus tion in utility boilers operated by the Union Elec tric Co.
Electric power requirements in the Processing Phase were adjusted from that reported to account for two-stage shredding in a full scale plant and to exclude power requirements for ferrous metal processing. [5] The combustible lost in processing is somewhat better than reported in anticipation of improvements in a full scale plant. [5] Combustible loss in the Combustion Phase as tabulated is a considerable improvement over the losses of 5-40 percent that have been reported. [6] An improvement can be antiCipated for a full scale plant due to two-stage shredding, a more effective injection point, and, if necessary, installation of a burn-out grate at the bottom of the furnace.
THE R MOCHEMICAL PROCESSING -LIQUID
Raw refuse is shredded in two stages to 0.4 mm (0.015 in.) size and pyrolized under controlled , conditions to produce a liquid fuel.
Power requirements for the Processing Phase have been adjusted to exclude power requirements for materials reclamation features of the system. [7] The pyrolysis process also produces a com bustible gas and carbonaceous char. The gas is used for drying purposes and to sustain the process. The char is unsuitable for use as a fuel.
The liquid fuel could be burned in most con ventional steam generators.
•
THER MOCHEMICAL PROCESSING -GAS I
Raw refuse is coarsely shredded and pyrolyzed in an oxygen starved atmosphere to produce a fuel gas composed of the following by volume: H20 This wet analysis by volume and the individual losses were derived from the dry analysis and overall heat balance that have been reported. Higher heating value calculates to roughly 1.1 MJ/m' at 650C (30 Btu/ft' @ 1200 F). Auxiliary fuel is required to sustain the process. The losses tabulated have been adjusted from those reported to suit the Raw Refuse analysis. [8] Because of the volume of fuel produced and the sensible heat in the fuel, combustion must take place in close proximity to the point of pyrolysis. A specially designed combustion chamber and boiler are required. The steam conditions used for raw refuse incineration are also tabulated for this system.
THE R MOCHEMICAL PROCESSING -GAS 2
Raw refuse is coarsely shredded and pyrolyzed to produce a fuel gas composed of the following 138 by volume:
Higher heating value at standard conditions is 11.2 MJ/m' (300 Btu/ft').
Pure oxygen is introduced into the bottom of the vertical pyrolyzing chamber. The oxygen com bines with some of the carbon in the refuse to produce the heat of pyrolyzation. There is no residue char.
Electrical power requirements have been ad justed from that reported to account for the power requirements of the shredder. [9] The fuel produced can be burned in most con ventional steam generators. The gas clean-up system is assumed to produce a dry gas .
BIOCHEMICAL PROCESSING
Raw refuse is shredded and introduced into a liquid environment where microorganisms convert the cellulose in the refuse into methane and carbon dioxide. Most noncellulosic hydrocarbons are un affected by the microorganisms and thus are lost to the process. In addition, cellulose is lost in the continuous bleed of effluent from the digestor. Auxiliary fuel is required to support the process. [10] Methane is separated from the bulk of the carbon dioxide by absorption with mono ethanolamine to produce a fuel gas composed of the following by volume:
CH. 95% CO2 5% The fuel gas can be burned in any boiler where natural gas can be burned. somewhat less than reported [6] .
It must be understood that the tabulated data does not recognize such potentially significant factors as economics, size, capacity, or by-product benefits of a particular system. 
